Nuclear magnetic resonance studies of sperm whale myoglobin specifically enriched with 13C in the methionine methyl groups.
The Cepsilon methyl group of the 2 methionine residues in sperm whale myoglobin was enriched with respect to 13C. This was accomplished by treatment of the apomyoglobin at pH 4 at room temperature with a 100-fold proportion of 13CH3I to form an intermediate containing enriched S-methylmethionine. Unselective demethylation to regain the apomyoglobin structure was accomplished by treatment at pH 10.5 with 0.5 M dithioerythritol at 37 degrees for 18 h. Reagents were removed at each stage by dialysis against dilute sodium azide solution. Hemin was reincorporated to form the holoprotein in a way that avoided the presence of an excess of the small molecule. After chromatographic purification the enriched myoglobin was obtained in a yield of between 29 and 60%. The composition, absorbance spectrum, circular dichroism spectrum, isoionic point, electrophoretic behavior, and oxygen-binding behavior following reduction were all indistinguishable from those of the virgin protein. NMR measurements were made at 15.1, 25.2, and 67.9 MHz at 27-30 degrees. The two enriched loci are represented by separate resonances that appear slightly downfield of the spectral position of the corresponding resonance in free methionine. The positions of these resonances are sensitive to pH and to the ligand bound at the heme group which is approximately 17 A distant from each methionine Cepsilon. On the basis of two separate types of experiment the downfield resonance was assigned to methionine 55 and the upfield resonance to methionine 131. Part of the observed variations in chemical shift could be treated as arising from pseudocontact interactions but part was ascribed to structural changes communicated to the environment of each methionine residue as a result of changes in heme ligand, pH, or temperature. The linewidths of the methionine Cepsilon resonances are narrowed by increasing temperature according to an Arrhenius energy of activation of nearly 3 kcal. The spin-lattice relaxation times, T1, of the two methionine Cepsilon resonances at the three spectrometer frequencies were interpreted to indicate the existence of rotational motions in each side chain in addition to that about the Sdelta-Cepsilon bond. The results as a whole show that the two methionine side chains undergo continuous variations in environment, and that these variations are controlled by events at a distance within the protein structure. It is suggested that the structural lability serves the function of facilitating conformational variations and adjustments within the heme pocket.